1.
Temperature -185° to + 540° C This facility is being used to test various high voltage power system components. This paper will also discuss two of these tests in some detail to explain how the facility was used on these programs (a Brayton cycle statorette model and directcurrent contacter developed for space nuclear sys tems application).
It will be shown that the re liability of high voltage power systems are related to leakage, corona and evaporating gas parameters on a component level.
As leakage and corona in crease due to insulation deterioration, failure of the weak component becomes more and more probable. All power system components should be tested in this way to determine that these parameters can be held to a specified minimum for extended periods to assure a successful mission even though mean-timebe twe en-failure estimates equal to the mission time for the power system cannot be exhibited by the small number of units built.
INTRODUCTION
There are a wide variety of energy conversion systems being developed by the NASA (refs. 1 and 2).
Each of these systems convert various primary sources of energy to electrical energy for distri bution in more readily usable form.
One of the major troublesome mechanism by which electrical power sources deteriorate is due to excessive corona which leads to permanent damage in the form of leak age current.
Corona is a manifestation of ioniza tion in an insulating system (refs. 3 and 4) . Under many conditions corona is detrimental to insulation and consequently should be avoided in electrical power systems that are required to last a long time and perform with high reliability.
Corona dis charges may occur even at moderate voltage levels when the environmental conditions are appropriate, i.e. the effect of pressure decreasing in the altitude range from 45 kM to 75 kM when combined with temperature and material density changes.
An insulating system usually is made up of several different materials in series from the voltage potential to its datum; i.e. residual gases, cer amics, plastics.
Momentary breakdown in any one of these insulators in series can cause deterioration of the insulation in the vicinity of the discharge site and can jeopardize the long life and high reliability performance of the electrical system. Even though the remaining insulation continues to function normally after the local discharge, some of the insulation has been affected (errosion re moves material, metallizing deposits thin films on the insulator surfaces) near the discharge site (refs. 5 thru 12).
If the corona continues for an extended period, leakage starts to rise indicating that the complete insulation system is in danger. To achieve long insulation life (2-5 years) and improved reliability, it is necessary to reduce corona discharges to a minimum if not eliminate them entirely.
A reliability and quality engineering labora tory capability has been developed at NASA Lewis Research Center to measure corona characteristics for parts of electrical power systems under condi tions likely to be encountered in the operating environment of the power system.
The interface problems encountered with two specific test pro grams are described in this report.
These two programs were:
(1) The reactor Brayton cycle space power system statorette models studied to determine corona threshold level (ref. 13 -selected to ex hibit the failure mechanism of erosion by corona).
(2) The nuclear space power system direct-current contactor studied to determine and improve corona performance (ref. 14 -selected to exhibit the failure mechanism of metallizing deposits of thin films on insulator surfaces by corona). This re port describes the nondestructive, corona-vacuum test facilities developed for testing power system components. 
DESCRIPTION OF FACILITIES

Brayton Cycle Statorette Models
Testing of the Brayton Cycle Statorettes (Fig. 2) presented problems requiring facility features as discussed in this section.
Three statorette models were prepared for coro na threshold voltage measurements in three gases over a three decade pressure range.
Cross-sectional diagrams of the three statorette models are shown in Figure 3 . Table I lists The ionizing, filtering and de tection of residual gases is accomplished in the probe which is controlled by a small, rack-mounted electronic package. Spectral display is accompli shed in real time as a fast rate on an oscilloscope or at a much slower rate on a strip chart recorder. A parallel approach to the manual methods consists of an analog-to-digital (A/D) computer interface and necessary computer hardware and software to process and display the spectral data. The com puting equipment dedicated to gas analysis is a variable factor depending on the gases to be ob served.
In most cases a time-shared 16-bit mini-
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computer with A/D and D/A cards and expandable inframe memory is sufficient.
The testing procedure used can be summarized as follows :
1. The entire system, including the corona test set, was checked out with the contactor out of the oven by baking out the system and deter mining if corona was present. The temperature was run to 540° C, the same as for the later testing, to assure performance of the oven and other parts at this temperature. 
The contactor was installed
RESULTS AND DISCUSSION
The magnitude of corona is usually expressed in picocoulombs, the unit of charge. If corona is initiated in the residual gases surrounding a particular point, ionized regions are formed. These regions contain positive and negative particles much like a plasma. The corresponding number of charge carriers are transferred in the ionized re gion between the capacitances in the circuit. The magnitude of corona measured at the detector is a function of where the ionized region occurs in the test specimen and its relative coupling capacitance. In order to determine the magnitude of corona in coulombs from a measured oscilloscope trace, it is necessary to calibrate the detector sensitivity to corona pulses. For such a calibration, a pulse generator is required to introduce a simulated corona pulse in the test circuit. The magnitude of the calibration pulse is varied while observing the detector oscilloscope screen until the cali brating pulse is equal in magnitude to that of the pulse produced by the corona signal. The magni tude in picocoulombs is read directly on a picocoulomb meter. The relationship between the amount of insulation damage and the magnitude of corona is dependent on the test circuit configuration and the primary failure mode as the statorette and direct-current contactor examples illustrate.
Brayton Cycle Statorette Models
The CTV test results for the three statorettes are shown in Figure 6 . The experimental curves for air, argon, and helium show the same general trends as the theoretically calculated curves, namely, 1. The CTV increases with pressure in the range of 6.8 χ 10 3 -1.7 χ 10 5 N/M 2 (51 -1270 Torr). Figure 6 air ex hibits the highest corona threshold voltage, helium the lowest voltage and argon an inter mediate voltage.
Of the three gases shown in
The effect of pressure is most pronounced for air and least for helium.
Analysis of the test data showed that the CTV for the He-Xe mixture is closer to that of argon than either air or helium.
This suggests that, since Paschen curves for He-Xe are not available for calculations, a fair approximation can be obtained by using the Paschen curve for argon, if the He-Xe mixture has a molecular weight between 20 and 40. For He-Xe mixtures of higher molecular weight the argon approximation is less accurate but is never theless a useful guide in some applications. Test data indicated that as the molecular weight of the residual gas decreases the CTV decreases until the limiting helium performance is reached.
The com parison is representative of all the curves and shows that good general agreement exists between calculated and measured results.
Nuclear Power System Direct-Current Contactor
The corona voltage and leakage current test results for the two direct-current contactor models are shown in Table II . The original configuration of the DC contactor (Fig. 4) that was tested for its operational characteristics was also tested for its corona threshold and withstand voltages. As shown in Table II configuration (a) the corona at lOkV was greater than 100 picocoulombs and the leakage current at lOkV was greater than 300 mA at 540° C. Because of these high values design changes were made in the interrupter section of the contractor (see Fig. 5 ) to increase the corona threshold voltage and decrease the leakage current.
The value of corona level is acceptable for the (b) configuration (Fig. 5) up to 20 kilovolts (twice its rated voltage) at 540° C. The value of the leakage current for the (b) configuration at 10 kilovolts is acceptable, but at 20 kilovolts, it is somewhat high.
Since the contactor was designed for 10 kilovolts, it amply meets the specification. Since the level of corona at 20 kilovolts is very low, this gives the contactor a 100-percent safety factor (when operating at 10 kilovolts) to handle any transient voltage spikes up to 20 kilovolts even at 540° C.
If the operating temperature were reduced to 430° C, the contactor could operate at twice its rating (20 kV) since the leakage current was very low (0.032 mA) at this temperature.
54-PESC 75 RECORD
The slight increase in both corona and leakage current with the increase in temperature can be attributed largely to both the reduction in tension produced by the Inconel X750 pressure springs at the elevated temperatures and the decrease in re sistivity of the alumina insulators (ref. 23). Another possible contributing factor is an increase in the outgassing of the materials at the higher temperatures.
The composition of the residual gases in these tests was largely uncontrolled.
The gas composition during test configuration (b) was monitored to per mit evaluation of the contactor in an environment which closely matched that used in test configur ation (a). The test gas for configuration (a) represented that expected in a normal vacuum system. The pure nitrogen gas (99.99%) was used to adjust the magnitude of vacuum between tests. Although 99.99 percent dry nitrogen is bled into this corona testing apparatus, it is not unusual to detect only about 50 percent nitrogen or less in the vacuum chamber.
The other 50 percent of the residual gases can affect the corona properties. The ion gauge on the vacuum chamber can monitor total pressure but cannot indicate a small water leak or a high background of helium during the corona test. Var ious kinds of residual gases with excessive par tial pressure levels during corona measurements can affect the electrical performance. Table III The contactor was also tested with reversed polarity. The significant increase in corona that resulted suggests that the contactor would have to be derated to be used with reverse polarity. There fore, for maximum service life the contactor should be hooked up with the plus dc voltage applied to the lower (fixed) contact and the upper (movable) contact grounded. Upon completion of all the (b) configuration tests the contactor was disassembled and inspected; minor deterioration of components was observed.
Based on these results, it may be concluded that the configuration (b) contactor design is satisfactory and meets its design specifications. The reliability of high voltage power system com ponents are related to leakage, corona and evapor ating gas parameters on a component level. As leakage and corona increase due to insulation de terioration, failure of the weak component becomes more and more probable. Power system components which have been optimized for corona and leakage performance can achieve long life performance to assure a successful mission even though mean-timebetween-failure estimates equal to or greater than the mission time for the power system cannot be exhibited by the small number of units built.
CONCLUDING REMARKS
Success in making corona measurements and using their results to improve reliability of power sys tems requires knowledge about the nature of corona electrical stresses, its effects on material strengths, performance of the electrical equipment and test apparatus for environmental simulation and measurements. The technique has been to use oscillographic methods of detection and reduce corona streamers from the high voltage circuits by using small diameter conventional components with large radius shielding.
In this manner the insu lating materials are protected from the deterior ating effects of corona impingements and the useful life is greatly extended.
Corona tests and measure ments are used in research on power system compo^ nents, development of insulating systems and pro duct assurance of power systems. The economical benefits resulting from corona testing have been important. A direct-current contactor (10 kV, 10 A) was built for operation at 540° C and at a pressure of 1.3 χ 10" 4 N/m 2 (10~6 Torr) or lower.
Corona threshold voltages
The con tactor was tested at 10 kilovolts with a 100-per cent margin on voltage in order to show tolerance of transient voltage spikes up to 20 kilovolts. When the operating temperature was reduced to 430° C the contactor operated successfully at twice its rating, or 20 kilovolts.
Testing in the corona-vacuum facility of this type has defined several component problem areas that need to be considered in the design of directcurrent contactors intended for long life missions:
Maximum venting of the inner and outer ceramic insulators is required. This could be accom plished by inserting holes in all inner in sulators and also by allowing ample spacing between the inner and outer insulators.
2.
Metallizing is required on the interface sur faces of all the ceramic insulators. This provided maximum contact between the dielec tric and the metallic conducting rings, elim inating the possibility of any high-voltage gradients in these areas.
3.
Pressure springs on the assembly is required to maintain pressure on all the interfaces between the ceramic insulators and the metal conducting rings at the operating temperature.
4.
All parts that are at a positive potential have round and smooth edges or surfaces.
5.
A fast actuating mechanism that could operate at the high temperatures was achieved through use of selected materials for the closing and trip coils, the magnets, the armature, and the springs.
Based on these results, it may be concluded that corona-vacuum testing under simulated envi ronmental conditions is worth the time and ex penses necessary to under take such testing on a component level.
The reliability of high voltage power system components are related to leakage, corona and evaporating gas parameters on a com ponent level.
As leakage and conona increase due to insulation deterioration, failure of the weak component becomes more and more probable. Power system components which have been optimized for corona and leakage performance can achieve long life performance to assure a successful mission even though mean-time-between-failure estimates equal to or greater than the mission time for the power system cannot be exhibited by the small number of units built. No apparent corona or leakage was present.
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Actuating mechanism interrupter 17.27 cm ^ (6.8 in. ) 
